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COOPERATION  IN  RESEARCH 


By  GaoMB  Euunnr  Hals 

No  om  CM  wrvfy  tbe  pvt  pt>s«i  by  •dntat  in  ^  war  i^nrt 
Rflectiiif  on  the  ultimte  inintao*  of  the  ww  on  .dwce.  AJk  to- 
vcMigi^  have  b«ii  kaied  or  ineii»dt«ted,  and  with  them  a  hoat  of 
mro  who  might  have  taken  high  piacee  in  uitarrh.  Souwee  of  fevanaa 
have  been  cut  o«,  and  the  heavy  financial  buriene  pennaBmtfy  iaWtt 

«^  imhi'idiiali.  inatittttiooe.  and  P^vernmeiito  "^  ?^J^ 'J™ 

fmb  available  far  the  advancement  of  idenoe.    <>"««JfJ^ 

^Jnem  of  edence  ia  aiv«iated  ae  it  nevw  hae  b««  brfo«,  .^ 

wly  enBihtened  ioveniaeenta  have  abeady  lecogniaed  that  lane 

^^a^  lor  leeeafch  wffl  bring  manifold  benefita  to  the  etete. 
..Aw  d  induatry  have  aleo  been  quick  to  appmdate  the  inoeaeed 

.c.*ne  t»   -  meeaich  leodcf.  pomlble.  ami  Imhiatrial  laboimtoriee  y 

multiplying  at  an  unprecedented  ^^•;^J^fyr^^;^!^ 
i,to«rand  the  higher  eah»y  ecak  of  the  indoatrial  world.^VBe«l^ 

aSccted  ediicatkmal  inetitutfona,  munben  of  whoee  adenWIc  et«», 
ioadeouately  paid  and  tempted  by  olfcm  of  powerftd  \mmamm 
SS-^TtovTbeen  d«wn  into  the  indoetriee.    Oo  the  other  hand. 

SSS  kadei.  have  lepeatediy  emphaeiaed  the  fundamental  i^t- 
Mce  of  edentilfc  WMaichea  made  eoWy  far  the  advanoMa«t  of  knoir- 

Iri^,  tad  the  necmeity  of  ba«ng  aa  peat  i»dnittWa*««  «^ 

SSiof«-*inve.tigatio«.  'i^^"rri!fE?i*t5!;!22: 

«v«i  mo<e  Hbemlly  than  befa«  to  Ae  «teyf«'jr2 A^J^^ 

ciameed  far  wori.  of  thi.  «'^'^:^''^'rt^T!i^^ 
HlSTto  lecogniae  that  eeie«»  ehould  play  a  laiier  partfa  th^^ 

S.  anTSn^  ddned  in  mean*  dKmkl  be  developrf  fa  ^ 

increeeednumben.    The  enhanced  appttdatloo  of  eaence  by  Aep^ 

the  demand  for  inVeetigaton  in  the  laduitrie^  and  the  *ttitu&  of 

induatrial  leadeia  of  wide  virion  towaid  fundamental  eaence,  should 

fadtttate  attempt!  to  eecure  the  added  endowments  and  equipment 

required. 

On  the  whole,  the  outhwk  fa  America  seems  most  encwiragm^. 
But  the  great  advance  in  science  that  thus  appears  to  be  vdt^  rwA 
cannot  be  attained  without  organired  effort  and  much  hard  woric. 
On  the  one  hand,  the  present  faterest  of  the  public  m  Kience  murt  be 
developed  and  utilixed  to  the  full,  and  on  the  other,  the  spint  of  co- 


Slo  TiAmMmom  m  m  liyna  Camauum  Immins  Ivnu  an. 


tptiit  . 

lUi  nirit  Imb  not  bMB  cMkmA  wHUb  MtlomI  Umduimi.  Tte 
hmway  aad  naity  of  dbrt  dMsywl  by  the  ttakm  of  tht  EBtnrto 
fa  te  pniMcutioa  of  titt  war  hovo  alw  dmini  tixn  OHK  doMly  tofethir 
fa  ■cknoe  and  nmnrrh,  whh  coimmimmm  that  aic  bouad  to  pmm 

The  Hanomable  EUhu  Root,  who  oombinea  the  wide  vWoo  d  a 
peat  etatnnaa  with  a  keen  appndatfcm  of  the  faiportaaoe  and  nethoda 
of  edenUfic  iwean*.  haa  recently  eapiwaed  hin»elf  ae  fodowe:— 


itiHl*' 


•(tlM 

to 


nMck  hM  w  nnltipliMl  dN  dhcthw  poMT  of  I 
itoatktiaNtnHBtDbaofkiMlratlHrtlMBaldwM.    hi 

wUdi  apfify  to  NoeiM  «■  •  lu|*  Mala  ia  tfWMportatiaa  aad  nuMiMtr- 
■taffimfc  apply  to  tkan:  tlwt  tfca  iMaiiaw  bttfwia  a  aob  aad  aa  i 
dtiNMlnMoenpMkMiorparpaaabatapaalmMaaaMn:  tet  dw  aiietiM  l 

jTrlitauml] fiiliiillii  winMTlTT!     -1  "■■t    ■  "'  ■■'•-f-*-*^'*'-**- 

poww  ol  a  rwt  auatNT  oi  laboonn  nay  ba  iMMaMd  bjr  BTHaiy  AkMIm. 

The  emphaeii  laid  by  Mr.  Root  on  the  imf^  i  uwe  of  orfaaiation 
fa  acienoe  mmt  not  be  miifalarpieted.  For  mat:-  yean  he  haa  bean 
PMaident  of  the  Boaid  of  Trurtaea  of  tiie  Carnegie  Iwtitution  of  Waah- 
ingtOB.  and  an  active  member  of  its  ElBCtttiye  Committee.  Thut  kept 
fa  doae  toudi  widi  edentific  reaeardi.  he  ia  well  aware  <A  dw  vital 
tnqxMtance  <^  individual  faitfativc  and  the  neccarity  ot  enoouraging  the 
independent  efibrta  of  the  original  thinker.    Thua  he  goea  on  to  eay^- 

Thb  attknde  foHain  aataniy  ftou  the  demand  of  true  wiaBtlic  work  for  ia- 
dhridual  ooaeoitiatiaa  amd  iaolatioa.  The  eequeBoe.  howew,  ia  not  aeceeaary  or 
kudabie.  Yoor  iaoiatad  awl  ooooentiBtad  fdeotiat  auat  kaow  what  hae  foae  belore. 
or  ho  wfll  wartc  Ua  Bfe  ia  dqioc  what  haa  abeaify  btao  doaa,  or  ia  npaatinc  paat  lail- 
wta.  He  oNat  kaow  •ontthiiw  aboMt  wtot  hb  OBMaailiarafiea  are  trylag  to  do,  or 
he  wiU  waate  hia  life  ia  dopUcatinc  aflort.  The  Uitary  of  adiwie  ia  ao  net  and  ooa- 
tenporaryaSartiaioactiwthatifhenadaitakaatoacqairathiakaowladieby  himaaif 
akwa  hie  Bfeiakfgdywaatadiadofav  that;  hia  iwitiative  aad  ocotivo  power  are  foao 
bafbre  he  b  raady  to  Me  then.  QwaeiniiaBy  a  man  appeara  who  haa  the  iaatiact 
to  loioct  the  oaiMile.  A  *ary  gnat  aatad  |oea  directly  to  the  dedrivc  fact,  the 
^ffyr^lmimf  gympum,  aad  en  aftxd  aot  to  burden  itettf  irith  a  great  maaa  of  un- 
inportant  facta:  bat  there  are  fnr  each  miMie  even  amingthoae  capable  of  real  Kieatiic 
irark.  itfodurniada  need  to  be  guided  away  Crom  the  nedeaa  aad  towarda  the  aaefuL 
Tlat  can  be  done  only  by  the  appHcatinw  of  edentific  method  to  edenee  itetf  dirou^ 
the  pardy  adentifc  proceaa  of  organiafaig  cflort. 

It  ia  piafa  d»t  if  we  are  to  have  effective  otganiiation  fa  acienoe, 
it  must  be  adapted  to  die  seeds  of  die  individual  worker,  ttimubting 
him  to  larger  conceptions,  enqihaaiting  the  vahw  <rf  original  effort,  and 


C»orBUt»!f  m 


Ml 


of  MlioB.  «Mb  at  Ihe  Ml 
of  Wid*  C»«|Mf»tiMI  Mid  4ivU«i  «f 

,. ^ --^  't^wmkudpnnUim^ 

iMMirh  Mid  f  t— otiin  dlKwuMy  i 

A  cMMl  viiw  of  dw  prablm  of  ( 

MiglitkMitotlwoHKlnioBtlwttheaiMi:-  

iM)tffT«*a.i«  It  CMi  be  dwwn  by  actual  iiMWplM,  hoMMar,  ttat  nil 
!■  not  dw  caM,  aad  ^t  aa  iiqMrtaat  advaaea,  ia  IwnMBy  witk  Iw. 
Root's  ooiicn>ticMi.iacBtireiypoMibk.  ,   .  ^  ^.. 

It  BOM  vithout  Myioc  that  ao  tthmm  of  orpaiMtioa,  aStcMd  by 
kMar  mea.  oia  ^var  duplkata  the  apodMaaUaf  diMovariea  of  the 
Faradaya.  the  Dafwiaa,  the  Paateun,  aad  the  RayWiha.  who  hwa 
worked  Is^ieiy  onaided.  aad  who  will  coatfame  to  opaa  np  the  chief 
patiiway*  <rf  edeooe.  Evea  for  eudi  awa,  howw«r,  oq^aiMtioa  oa 
•oooMpUh  much,  aot  by  eeekiat  to  plea  thefr  leMwAee  or  coattol 
dvir  awdMde,  bat  by  eecuriiv  ooH>peratioa,  if  a«d  whea  it  ie  needed, 
and  by  »eaderiaf  luiMicieMiry  eoow  of  the  iwitfaie  work  they  are  bow 

forced  to  perfonn.  .    .  .,..  i,.,.--.-- 

Let  ae  BOW  tare  to  eome  eaamplM  of  oneaiaed  laeearch,  begjaaiBi 

witii  a  faoiiliar  cbm  drawn  fioM  the  fidd  of  aetfooony,  wlare  ^  wide 
espanee  of  the  heavene  aad  the  aatnral  UmitatioaB  of  dngf .  tktmnn, 
tad  even  of  the  LjfMt  obeervatoriee.  led  kjBg  ago  to^co-opewtlije  efcft. 

In  the  wocde  oC  the  late  Sir  David  Gil!,  *en  AatroaoaMr  Royal  at 
die  Cape  of  Good  Hope,  Ae  great  oiaMt  of  18§2  ehowed  "aneeMMAtat 
briUiaacy  M  it  raw  '  iand  Ae  niouBtauie  oa  tfia  eeat  of  Table  Bay,  Md 
•eemed  in  no  way  diminidied  in  brightacee  whea  the  eaa  roM  a  few 
Bunutee  afterwards.    It  wr     oaly  neoeiMry  to  timde  ^^^^ 
direct  sunlight  with  a  hand  at  arm's  length,  to  sM  the  coaaet,  with  Ha 
briUisnt  whit*  nodeue  and  dense  white,  sharply  bo«le««l  tail  of  quite 
half  a  degree  in  length".  ThieeKtraonliBarypher»BseaoB,»orabriniant 
than  any  comet  since  1848,  marked  thrbegfamiotf  of  ceketial  photo- 
graphy at  the  Cape  of  Good  Hope.    No  spedal  photographic  takacope 
was  available,  but  Sir  David  enlisted  the  aid  of  a  k>cal  photographCT. 
whcee  camem.  stnqiped  to  an  equatorial  teleseope,  immediatdy  yidded 
pktuRs  of  exceptional  vahie.    But  even  more  striking  Aaa  die  image 
of  the  comet  itsdf  was  the  dense  background  of  stars  simulmneoudy 
tegistered  upon  the*  plates.    SldWr  photographa  had  been  takw 
before,  but  they  had  shown  «ily  a  few  of  the  br^ter  stars,  aad  ao 
mch  demcHistiation  of  the  boundless  possibilities  of  astronomkal  pboto- 
grai^  had  even  been  moountered.    Always  alive  to  new  opportumtiM 

•Some  dHpUcsdoa  « frequently  diwable. 


M«   TlAMAcnom  or  m  Kocal  Cawawmi  lunmin   fyoL.  xm. 


9r  iMVid  MMp^M 


Cor  dM  Mmfaw  of  am 

tlw  e»«|imtiaa  of  PraftMui  Kaptgym  of 
iWr  teigM  Mdw  pkotograplM. 

StiaMlttHl  Iqr  tUi  ioooHi.  tiw  ifauy  brotim  MM  ad^MMl  photo, 
irapliie  Mttodi  for  ttar  chvttaf  at  the  Plvii  ObmvmtoMy,  and  in 
Ui7  an  laf—UMMl  Coapwo,  ealM  at  Sfar  David's  n^t^tioii,  met 
hi  Plvii  to  anaaie  for  a  fenaral  awcjf  of  the  antlra  hMivBM  brphotb- 
fiaphy.  Flfty^dx  delegates  of  oevMtaendifRwtiiatioaalitiearaBoivcd 
to  construct  a  photognqihic  diart  of  dM  whole  eky,  Ti^irritiin  stars 
dosm  to  the  fourteenth  magnitudr,  ostfanated  to  be  twenty  millions  in 
munber.  A  staadani  fonn  of  photographic  teksoope  waa  adapted  for 
use  at  dghteea  obeervatoriee  acattered  over  t^  globe,  with  tcenlts 
Mhkk  have  ap|«arcd  in  many  vohuiee.  IVee  contain  Ae  meaeiiiad 
poeition  of  the  stars,  and  are  supplemented  by  heliogravure  enhnge. 
amnts  from  dw  plates,  cstimatwl.  iHien  conqdete  for  die  entire  adas 
of  the  eky,  to  fonn  a  pOe  difaty  feet  hii|i  and  two  tons  in  w^t. 

The  great  cooperative  undertakiiv  just  described  is  one  that  fanrobea 
draUng  with  A  taA  diat  i«  too  laige  for  a  emgje  inedtntion,  and  dierefore 
calle  for  a  division  of  labour  among  a  nmnbcr  of  partidpantB.  It  dwuld 
be  remembered,  howwer,  dwt  ti  vt  •  different  mode  of  attaddng  such 
a  problem  amy  be  employed  lu  fact,  aldiough  die  difference  between 
^  two  mediods  may  aeem  on  fint  exunination  to  be  sl^t.  it  never- 
dieltei  involves  a  fundamental  queatkin  ot  principle,  eo  important  diat 
it  calls  for  special  rmphssis  in  any  discussion  o(  ooK>perative  reeeaidi. 

(tee  bi  die  great  pnkkmt  of  astronomy  is  the  determination  of  die 
structure  of  At  sidereal  univerw.  Its  complete  eohition  would  involve 
ooimtlem  obeervations.  Neverthdess,  Profewor  Kapteyn,  Ae  eminent 
Dutdi  astronomer,  reedvcd  many  years  ago  to  make  a  serious  eftirt  to 
deal  widi  dw  questicm.  In  order  to  do  so,  as  he  had  no  tdeacope  or 
odier  obeervational  means  of  his  own.  he  enfirted  die  co-operation  of 
astronomen  scattered  over  the  whole  worM. 

In  organisng  his  attack,  he  recognised  that  die  indwon  of  only 
the  brii^ter  stars,  or  even  ai  all  those  contained  in  the  International 
Chart  of  die  Heavens,  wmiki  not  neariy  suffice  for  his  purpose.  He 
must  penetrate  as  far  as  posdble  into  the  depths  ol  space,  and  therefore 
hui^reds  of  millions  of  stars  are  ot  direct  importance  in  his  studies. 
Moreover,  it  is  evident  that  if  he  were  to  omfine  his  attention  to  some 
limited  r^on  of  the  sky,  he  cotUd  fonn  no  amdusions  regarding  the 
distribution  of  stars  ir     :ier  directions  in  space  or  sudi  common  motions 
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m  ailM  1»  Aon,  far  •>>>«*'  > 
«bo«tthtcMiti»oltk»-^l*»r  H»WM. 

ESSa5&fact«i7S«.  tto*  irj*^rf!t2sf:;L:;f^ 

«c  amomed.  ••  tlwugh  dat»  i»we  •    '»•"»  »*  rfl   S«  ttw  of  «• 

,«|«„t«r  effort,  of  oo.op«»tfaf  -t««»«r.m  .n  -^  P^^J^ 

STtk*  of  the  briihtp.-  «!^1  ^l'Sr'^oSi1.3^2S^ 
In  the  Select!*' AwM.    Anotherdc      *»«k  Aeit  »>oeWooe^i«w>~nj 

iXr  with  ti«r  vekKltk.  ««««iwi  whh  the  .P^«f^ 

«Lr^Mow««.  each  ol»en«r  to  feee  to  uee  hie  utmoet  Nte««ty  fa 

;S"Sa«fag  hi.  obeervatiooe.  He  abo  enx^  ^^  '^T^^ 
Xr^^  for  which  many  data,  neMMiy  for  fa.  own  piitpoje.. 
2:^  obtaioed  by  other  member,  of  tij  co^tmg^^  OJ^ 
.ide  the  Selected  Ai«a..  ««A  dau  are  u«uJlyladnng.  be^i««^ 
r«oportion  of  the  total  number  of  .ta«  fa*  been  accumtely^^^ 

Inphy«c.  a.  weU  a.  in  aetionomy,  there  are  w««"7«2L'!PPf; 

t„„Se.fr^Uerative  research.    A  good  iUue^tion  »  aflfa^l^ 

the  deter^ruition  of  the  eact  wave-length,  o  «»" '»  *^ JP^^l™ 
varioi- element.  Jor  n«  a.  rtandard.  fa  meawnngtte^vep^ 

of  line,  fa  the  H>ectra  of  celeetial  and  terrertnal  hght^mrce..    Tin. 
work  wa.  faitfated  fa  1904  by  the  Internationa.  Union  for  Co-ope«bon 

r&to  R«««di.  and  i.  now  befag  contfavM  by  the  Intematiooal 


S44   TtANSACTioMs  or  m  Royal  Canaduh  IrnmuTB    (vol  xm. 

^tatmonacai  Uokm.    The  •pectnim  of  iron  cootaiat  AouMndt  of 

UiMs.  many  <rf  which  are  well  adapted  for  UK  M  ttandutb.  llieworic 
of  detenniiiiiig  their  poations  was  undertaken  by  the  memben  of  an 
hiternationaJ  conunitt  e.  in  accordance  with  certain  epedficatioiiB 
formulated  by  the  Solar  Union.  But  thoee  who  took  part  in  the  in- 
vMtigatimi  were  not  bound  by  any  rigid  rule.  On  the  contrary,  diey 
were  encounsed  to  make  every  ponible  innovation  in  the  manner  of 

atteck,  m  order  that  obwnire  aources  of  error  might  be  diecovered  and  the 
highesj  poenble  accuracy  in  the  final  result*  attained.  The  outcome 
demonstrates  most  condusively  that  oiganixed  eflbrt  and  freedom  of 
initiative  are  ^  no  means  inconqMtible.  Important  instrumental 
improvements  of  many  kinds  were  effected,  8oun»>  of  error  previously 

unsi^ected  were  brought  to  light,  and  means  of  eliminating  them  were 
devised.  A  by-product  of  the  investigation,  of  great  fundamental 
interest,  was  the  discovery  that  the  peculiar  displaoemente  of  certain 
hnes  in  the  spectrum  of  the  electric  arc,  which  are  greatest  near  the 
negative  pole,  are  due  to  the  influence  of  the  electric  fieki.  These  dis- 
ptacttnents,  prevknisly  unsuspected,  are  sufikaent  to  render  such  lines 
wholly  unsuitable  for  use  as  standards  unless  rigorous  precautions  are 
observed.  The  mtematumal  committee,  in  the  light  of  the  new  in- 
formation  thus  rendered  available,  win  now  have  no  difficulty  in  com- 
pleting  Its  task  of  determining  the  positfons  of  standard  lines  with  an 
accuracy  formeriy  unattainable. 

The  variation  of  latitude  is  another  subject  in  which  intematranal 
coKjperation  has  yiekled  important  resulte.  It  was  found  some  years 
ap)  by  astronomical  observatfons  that  the  earth's  axis  does  not  maintain 

a  fixed  directum  in  space,  but  moves  in  such  a  way  as  to  cause  the  earth's 
pote  to  describe  a  small  but  complicated,curve  around  a  mean  position. 
The  change  m  the  direction  of  tiw  axis  is  so  slight,  however,  that  the 
rnost  amirate  observations,  made  simultaneously  at  different  pointe  on 
the  eartii,  are  required  to  reve^  it.  These  weirs  undertaken  at  several 
stations  widely  distributed  in  longitude,  in  Italy,  Japan,  and  the  United 
Stetes.  A  new  photographic  method  has  reoentiy  been  devned  whkdi 
will  probably  render  unnecessary  the  use  of  more  than  two  stations  in 
future  work. 

An  extensive  co^)perative  investigation,  planned  by  die  Diviskm  of 
Geotogy  and  Geography  of  tiie  National  Research  Council,  involves  the 
J^t  effort  of  geologiste  and  chemiste  in  the  stiidy  of  sedimento  and 
sedimentary  deposito.  This  is  of  great  importance  in  connection  with 
many  aspecte  of  geological  history,  and  also  because  of  ite  bearing  on 
economic  problem?,  such  as  tiw  origin  and  klentification  of  deposite  or 
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Tlw  fwrtfal  requirMMeati  ot  tfw  wwwh  arei 
M  (1)  andon  icdimeBts  and  dqwtiti  and  (2)  dumfM  in  wdiflMBts  aftw 

dspoMtioa  and  die  caotH  of  sudi  dMnfe*. 

In  dw  itttdy  of  aM^awati  nour  in  pfOMM  of  fomatkm  it  k  iflivart>Bt 

to  iMm  the  meckaaiad  itate  and  ihapM  of  pavtidM  of  difacat  dam, 
tlwtr  mineialoBical  and  dwnuad  coa^nitiaa,  the  aRaatnaeat  of  tka 
naterial  cowpotiiini  the  deporit,  the  aouroe  of  tiw  nMtethd,  tta  tiaas- 
portinf  atendM,aadtheGaaieofiM«ct|iitatioa.  Modern  depodtonmrt 
beetudiedindieMonaoffonnsinvhididieyarahiddowB:  indMeita 
and  arid  regiont  and  in  humid  dimatce.  in  tbe  bode  of  ipcat  takes,  in 
the  track  of  ^adent,  and  in  marine  betb  off  the  ooeit,  in  ddta*  and  bays, 
or  on  submarine  plateaus,  in  lagoons,  and  oa  reds  ui  nd»tropicd  aad 
tropkal  waters. 

In  mudi  of  dUs  woiic  dwmical  invcstifations  are  cmentid.  capedaBy 
on  the  Gompodtion  of  die  waters  flowing  into  the  oceaa,  yiddtag  data  on 
the  diemical  degradation  of  dw  continent  and  dwamouatofaohible 
material  disduoged  into  the  sea. 

In  undertaking  this  extensive  investigation,  wUdi  would  faidade  ^e 
studies  jiwt  dted  and  others  on  andest  depodts,  the  foUowing  ptooedam 
is  proposed:  (1)  To  make  a  more  oompkte  survey  Am  has  yet  been 
made  <d  the  investigations  Aat  are  at  present  imder  way  ia  the  United 
States  and  in  Canada.  (2)  To  prepare,  ia  die  light  of  picaeat  geologieal 
knowfedge.  a  program  for  the  investigations  needed  to  supply  an  ada- 
quate  basis  for  interpreting  sediments.  As  knosdedge  advuHCs,  tha 
program  wiO  have  to  be  modified.  (8)  To  canvass  die  fidd  for  edstiac 
agendes  that  are  ndtable  in  prosecuting  sudi  investigaticms.  (4)  To 
secure  the  co-operation  of  thooe  institutiorai  or  individuals  prqiared 
properly  to  prosecute  researches  of  the  kind  needed.  (5)  To  provide 
additional  agendes  for  Am  study  of  problems  of  secUmentation  and 
diereby  make  posdble  investigations  for  adiich  there  are  either  no  pro- 
vidons  or  only  inadequate  providons  at  present. 

'  It  is  easy  to  see  how  an  invest^tor,  choosing  to  ded  widi  some 
aspect  of  tins  large  genend  problem  would  be  aadsted  by  informatioa 
regardiiq:  related  work  planned  or  in  progress,  and  bow  readily,  as  a 
member  of  the  group,  he  could  render  his  own  wsudrchts  more  widdy 
useful  and  significant. 

Another  interestii^  piece  of  co-operative  researdi,  whidi  invdvea 
the  joint  activities  of  geograf^ers.  physicists,  sodogists,  and  practical 
fishermen,  is  centered  hugely  at  the  Marine  Bidogkd  Laboratory  at 
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^fff^iriffll  gtadSm  hibimI  a  duuHe  fai  ^  ilhttlhilliwi  of 
MluiMH  wMi  ^  twinwwtuie  ef  4m  iratar.  Thfe  hw 
m  inmnuAte  pnctku  boring,  tesuMe  vbt  liittfBii^oB  of  Iko  oiihimbiii 
is  a  deniiiaat  iactor  fai  Hk  diitiaMtioB  of  oartain  food  fAu.  Tba 
iofdMlMpMalMW^aaBm,  aad^Kiriaa— caoB—ilBBiBloikal 

■  oi  uu>  wwa« 

b  uw  Bad  ot  anguiKni^,  Ike  poMuffitlBa  of  ooopaiaUot  nawiich 
acB  anfiiBHcd.  jIm  fatipw  phtaoflHoa  of  Mctala  hava  ban  ohoafn  bjr 
the  rngiaifilin  OhrWoa  of  ^  NMioiMd  Wtmmnik  CamnSL,  actiag  in 
ooo janctioo  wMi  tfK  Eogiaeariat  Fomteiaa,  as  the  adijact  <rf  ooe  of 
Buaqr  co-ofienttive  inwatlgartiwii.  llMala  aad  aleya  wkkA  mre  mAt- 
jactod  to  lai^4cpaated  aticaMa  ftaqumtiy  btaak  down,  fapfciaHy  in 
aiictaft,  where  die  weif^t  of  Hbt  parts  arast  be  icdnoed  to  a  nanimam. 
The  daMic  Mnk  and,  to  a  lesser  depaa,  the  tdtiaiate  stm^fdi  of  rted 
caa  be  raised  by  vorlEteg  it  eoid,  ptovided  that  a  period  of  reot  ensues 
after  cold-iRirfcii«.  The  teats  imficats,  hoafever,  Aat  incwasad  atatic 
strength  due  to  oohl  worldly  does  not  ocaisrOy  indicate  faereased 
lasirtancr  to  fatigue  ander  repeated  stoias.  InAeeaaeofcold-atretdied 
steel,  for  km  stresses  die  fi^%ae  streagdi  is  actually  less  tiiaa  for  die 
saaae  steel  before  stretchmg. 

These  phenooneaa,  and  odiers  diat  ainstnte  the  coaspiexity  Ot  tnis 
problem,  afford  abuadait  opportumty  Cor  further  research.  The 
—embendrip  ot  dw  oomakittee  hidudes  representadvas  of  ecfaicatimial 
faadtutiooa,  die  Bureau  of  Standards,  aad  aevcry  iaige  industrial 
eatabKrfiment^  The  anoric  was  divided  among  die  membenhtsro  dealing 
widi  its  metallog?:^>hic  featores,  two  with  machines  for  testing,  two  widi 
medianies  of  dw  materiab  involved,  and  one  witih  a  survey  of  the  subject 
from  the  standpoint  of  die  sted  mamrfaeturer.  The  results  drndy 
obtained  proause  mudi  for  tibe  fature  mocessof  this  midertakiaff,  which 
will  now  be  oootinued  at  die  Univorsity  of  Illinois,  widi  the  coKtperation 
(rf  die  mambers  (rf  die  committee. 

Scores  of  odier  illustrations  of  effective  co-operation  in  researdi 
might  be  given,  eqwdally  in  aetronomy,  vdiere  eadi  of  the  82  ooounit* 
tees  of  die  Intcmational  Astronomical  Union  is  oonstituted  for  the 
purpose  (rforganisbg  co-operative  faivestigations.  inspiteofdielefqith 
of  diis  list  of  craomittees,  it  canuot  be  said  that  astronomy  often  any 
unique  possibilities  of  joint  actkm.  The  dividon  of  the  dcy  among 
widdy  sqwnted  observers  is  only  a  sii«le  means  <rf  co-operatitm, which 
may  be  parslleled  in  gedogy,  pdaeontdogy,  geognq^,  botany,  aotdbgy. 
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pophyiki.  nd  ia  oHuqr  odMT  dipwtttMata  of  KkBOb    Ifot  of  4w 
|H|V  i«iUmm  <4  fOqnin  and  dMMiMry,  tkM^  opw  to  itMfar  i^ 
labonitHy,  eoold  be  aMMtad  to  Khmtate  by  ocMpvattai 
In  fact,  U  nwy  be  doabtcd  vhetiia  VH^wch  in  any  ftaM  of  MiMM*  or  to 

■imiirotinrT  woidd  not  boM&t  gicatfy  fay  lone  ktm  of  oHJiwatWc 


As  far  dw  iiear  ol  oootnt  oontr^  od  of  famiifawM  wttb . 
Oborty  and  faMihddiMl  initiative,  wUdt.  has  boon  entertained  by 
nMapreeiawe,itoertidnlyionotvanantedbydiefacte.  Co-oiiastive 
NMudi  ebonld  ahrays  be  puicly  vokmtwy,  and  tlw  develDpaMnt  of 
iapravwi  metfaode  o!  obeervation  and  novd  modes  of  praoMlBre.  not 
fanseen  in  praparinc  the  orif^aal  sdwnie,  AohM  iaraiiabiy  be  en- 
ooofated.  They  may  occaeionsay  upeet  some  adopted  plsn  of  action, 
but  if  tiw  oo-operatto«  investii^tors  are  fottowfaig  the  wraog  padh  or 
igf0mftinf  cssBy  availabie  mesne  of  improviiq;  their  icsuiti,  the  i 
this  is  ^soofvered  dK  better  far  all  oonoenoed. 

Caaada  and  die  United  Statee,  enjoyfa«  ahaaar  natural 
and  lyiog  in  sad  doae  prannuty  as  to  permit  the  greatest  freedom  of 
inteituufee,  are  most  favouraUy  Btuated  to  profit  by  oo-Kqieratioo  fai 
fCMmdi.  la  botik  oomitries  natiaial  movements  for  the  pnnaodon  of 
remidi  aie  ia  profrem  and  important  advamM  are  being  made.  Tha 
^»ff«TJi>  set  by  the  Canadian  Government  in  estaUiafaing  the  Honorary 
Advisory  Comwil  for  Scientific  and  Indoatrial  Rteeaidi  and  dwt  of  the 
Royal  Canadian  Inrtitnte  in  ofganiang  dik  aeriee  of  addreaem  on  ra* 
aemdi  and  its  appBcatioal,  have  stimidated  and  enooovaged  us  hi  the 
Uaited  States.  The  friendly  bonds  that  have  joiaad  dM  two  countries 
in  the  past  have  been  gready  etrengdtened  by  di$  t^ar,  and  I  am  eare 
diat  our  men  of  edoioe  will  wdoome  every  opportimity  to  co-operate 
widi  youia  m  cnamon  efforts  to  advance  edence  and  iiatarch. 


